Introduction
One of the goals proposed in the Millennium Development Goals (MDGs) in mother and child health was to reduce child mortality rate (CMR) to below 15.7 deaths per thousand live births (LB) by 2015 1 . Brazil achieved this mark in 2011, achieving a rate of 15.3 1, 2 . Among the emerging countries of the BRICS (Brazil, Russia, India, China and South Africa), Brazil was the best performer in reducing child mortality between 1990 and 2010, followed by China 3 . However, compared to the other South American countries, Brazil has higher rates than Ecuador, Colombia, Argentina, Uruguay and Chile, with the latter two showing rates below 10/1,000 LB in 2013 1 . While Brazil has reduced social, economic and health indicators disparities in the last decade 4, 5 , intra-and interregional differences in child mortality rates persist 5 . In 2010, the North had rates ranging from 11.0 to 21.8 deaths/1,000 LB; in the Northeast, rates ranged between 11.9 and 17.8 deaths/1,000 LB; in the Southeast and South, rates had a lower variation, ranging between 9.1 and 13.2 deaths/1,000 LB. In turn, Midwest capitals have very similar rates, varying from 12.6 to 13.2 deaths/1,000 LB 2 . Midwest capitals emerge among those that showed the greatest drop in child mortality rates in the last two decades, following the significant improvement of social and economic indicators in this period 6 . However, child mortality has been little studied in this region 7, 8 . The method such as linkage with the Live Births Information System (SINASC) and the Mortality Information System (SIM) has been widely used for studies of factors associated with child mortality 7, 9 . Some of these factors are well known, such as low mother schooling, low number of prenatal consultations, mother's age, prematurity and low birthweight 4, 5, [9] [10] [11] [12] [13] . Linkage enables the identification of individuals or records that are part of two or more distinct databases 14 . This feature has the advantages of low operational cost, speed and feasibility, using data already recorded by health services 7, 14 . Despite this facility, only one child mortality study was conducted in capital Cuiabá using this method 7 . Cuiabá has good SINASC and SIM coverage (over 90%) 15 and good variables completeness of both systems 16, 17 , essential for the linkage. Due to research gaps in the Midwest, we developed this study aiming at investigating factors associated with child mortality in the LB cohorts of mothers residing in Cuiabá from 2006 to 2010.
Methodology
This is a retrospective population-based cohort study. The study population consisted of cohorts of born between January 1, 2006 and December 31, 2010, children of mothers living in the city of Cuiabá (MT), totaling 47,018 LB. The area of interest was capital Cuiabá (MT), with a population of 550,000 inhabitants in the last census, with a Human Development Index (HDI) of 0.785, Gini Index of 0.59, fertility rate of 1.79 children per woman in fertile age, and average per capita income of 1,161.49 Brazilian reais in 2010 6 . Included in the study were live births with a duly completed Live Birth Certificate (LBC), and child deaths not matched by the linkage method, without date of birth and the mother's name and not found after manual search were excluded.
Children included in the study were selected from the SINASC database and deaths were identified in the SIM database. Probabilistic linkage was performed after standardizing the two databases (capitalization, no semicolons), establishing a single database. The Registry Plus™ Link Plus, version 3.0 beta software (Centers for Disease Control and Prevention, CDC, http://www. cdc.gov) was used for linkage.
With regard to linkage, a blocking strategy for variable gender and matching in which pairs were made (a SINASC record with a SIM record) was used: the mother's name and the date of birth 18 . The established cutoff point was six to find the largest possible number of pairs 18 . In case of divergence of data between the Death Certificate (DC) and Live Birth Certificate (LBC), the information contained in the LBC was considered a golden standard because it was of good quality and with a low percentage of information ignored 7 . Non-electronically related deaths were processed manually by examining SINASC and the original LBC records.
Data source of this research was the Birth and Death Surveillance Management of the Municipal Health Secretariat of Cuiabá (MT) and the State Health Secretariat of Mato Grosso. Univariate analyzes and logistic regression were processed in Stata, version 13.0.
After linkage, infant mortality rates were estimated, taking as numerator deaths among children under one year and as denominator the number of LB, multiplied by one thousand. The calculation method for child mortality components considered the early neonatal periodsdeaths from 0 to 6 days of life; late neonatal -7 to 27 days of life and postneonatal -deaths from 28 to 364 days of life as numerator and LB as denominator, multiplied by one thousand.
The dependent variable was the probability of death in the first year of life, whereas the independent variables were the potential factors associated with death, divided into determinants for the investigation of the factors associated with child mortality.
Gross odds ratios (OR) were estimated and adjusted with the respective 95% confidence intervals, using hierarchical multiple logistic regression 19 . The Hosmer-Lemeshow test was used to verify significance of the final model.
For the analysis of the hierarchical model, we took as distal determinants the socioeconomic variables: mother marital status and schooling -in years of study. The variables of intermediate determinants (care-related) were number of prenatal consultations, location of birth, hospital type, and type of delivery. Proximate determinants were mother biological variable (age) and child biological variables: pregnancy type, gestational age in weeks, birthweight in grams, gender, race/skin color, Apgar index at the first and fifth minute and congenital malformation.
The hierarchical statistical analysis is based on a conceptual model that describes the relationship between risk factors 19 . In this study, the hierarchical analysis followed the distal-proximate direction, using as a starting point block 1variables, which join block 2 variables and, finally, block 3 variables, thus forming the final hierarchical model. Within each block, variables with a value of p <0.20 in the univariate analysis were included in the assembly of the respective block model, using the stepwise forward procedure. Variables with a value of p<0.05 and those with biological plausibility remained within each block.
This study was approved by the Research Ethics Committee of the Júlio Müller University Hospital, of the Federal University of Mato Grosso.
Results
Of the initial total of 698 deaths related to the five birth cohorts (2006 to 2010), two deaths (0.3%) were excluded because they did not bear the mother's name nor the date of birth. After linkage between SINASC (47,018 LB) and SIM (696 deaths), 607 deaths were paired (87%), with 597 (98%) true pairs and 13 (2%) non-true pairs. After exclusion of the 13 non-true pairs and inclusion of the 23 true pairs resulting from the manual search, the final casuistry was 617 deaths (Figure 1) .
The average CMR for the five-year period was 13.1 deaths/1,000 LB, and most deaths occurred in the neonatal period n = 414 (67.1%), especially in the early neonatal period, 48.1% (n = 297).
CMR increased from 11.4 deaths/1,000 LB in 2006 to 14.6 in 2008, followed by a decline to 12.0 deaths/1,000 LB in 2010. In the period under study, the main component responsible for child mortality was neonatal (Table 1) .
Of Of the newborns who died, 58.05% (357/617) were born preterm, 61.59% (380/617) with low birthweight, 57.21% (353/617) were males, 62.38% (383/617) were of mothers who had less than seven prenatal consultations, 52.51% (324/617) of deaths were of cesarean section and 75.53% (466/617) were of mothers without companion. In the univariate analysis, all variables analyzed were associated with death (Table 2) . Table 3 shows the result of the model applied for each block in the first column. In the second column, we observe the intermediate model, composing block 1 (distal determinants) with block 2 (intermediate determinants). The third column shows the final model, by adding to the two previous blocks to block 3 (proximate determinants). Since it is hierarchical, results can be read horizontally (a given variable along the adjustment) and diagonally (adjustment between blocks), as indicated in bold in Table 3 .
In block 1 (distal determinants), the mother's marital status without companion and low schooling were associated with child death, however, only mother without companion remained independently associated in the final model. In block 2 (intermediate determinants), the low number of prenatal consultations and non-private hospitals were associated with the outcome, however, only the low number of prenatal consultations remained independently associated with death in the final model. In block 3 (proximate determinants), post-term gestational age was not associated with death, not remaining in the final model. The race / skin color black + brown was associated in isolation, but lost significance after adjusting the model.
The marital status of mother without companion (OR = 1.32, CI 95% = 1.04;1.68) and low number of prenatal consultations (OR = 1.65, CI 95% = 1.34;2.03) of the distal and intermediate determinants, respectively, remained independently associated with child deaths. Variables of the biological determinants were the most strongly associated with the outcome, with OR = 4.83 (CI 95% = 3.70;6.31) for low birthweight, OR = 3.05 (CI 95% = 2.33;4.00) for prematurity, OR = 3.19 CI 95% = 2.52;4.05) for anoxia in the first minute, OR = 4.95 (CI 95% = 3.80;6.45), for anoxia in the fifth minute, OR = 14.91 (CI 95% = 10.46; 21.26) for congenital malformation and (OR = 1.26 CI 95% = 1.04;1.52) for male gender (Table 3 ). 
Discussion
The linkage was useful in the identification of live births that resulted into death in order to determine the factors associated with infant mortality, was operationally feasible and had a low cost (free software). Its use is a stimulus to work with secondary data, and it is possible to incorporate it into the routine of municipal health services 7, 9 . There was variation of CMR in Cuiabá in the period studied. From 2006 to 2008, it increased, declining again in 2009 and 2010. Caution should be used when interpreting such results, since they do not necessarily mean that CMR has increased, but rather that there has been an improvement in the information systems over the years.
Between 2006 and 2010, CMR in Cuiabá stood below average for the Midwest and Brazil, ranging from 17.7 to 15.9 deaths per 1,000 LB and 19.4 to 16.2 deaths per 1,000 LB, respectively 11 . However, findings of this study are similar to those published in other Brazilian regions and in other countries [1] [2] [3] [4] [5] [6] [7] [8] [9] 20 . This development was a reflection of public policies such as the Bolsa Alimentação 21 (food grant) and the Bolsa Família (family grant) Program 22 adopted in recent decades that have had a positive influence toward reducing child mortality, such as social policies, mainly in health, education and fight against poverty, making social, economic and health conditions indicators more favorable 5, 21, 22 . Factors associated with child death in Cuiabá were marital status without companion, low number of prenatal consultations, low birthweight, prematurity, Apgar ≤ 7 in the first minute, Apgar ≤ 7 in the fifth minute, congenital malformation and male gender. These factors corroborate those found by other authors 5, [7] [8] [9] 11, 20 . Attention is drawn to the prevalence of congenital malformation that remained stable in the Midwest from 1990 to 2007, while decreasing in the South and Southeast and increasing the North and Northeast 4 . Mother's exposure to pesticides widely used in Mato Grosso was associated with the highest occurrence of congenital malformations in the state 23 . On the other hand, congenital malformations were associated with death, a result consistent with that of another study 8 , again in the capital Cuiabá. percentage of losses due to underreporting and coding errors that prevented matching at the time of linkage.
There was a decrease in child mortality in Cuiabá, with the neonatal period accounting for 67.1% of child deaths. Factors associated with child death in the city show that efforts are needed to increase the number of prenatal consultations, trained staff for resuscitation in delivery rooms and that intensive neonatal units equipped to attend premature babies are required, since according to the World Health Organization (WHO) 25 , up to 75% of newborn deaths can be avoided if effective health measures are taken at birth and during the first week of life. Due to the important participation of the early neonatal component in almost half of child deaths, new studies are needed to identify the preventable causes that result in deaths in this subgroup to guide local managers in the implementation of public policies.
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